A high-purity germanium detector was used to determine differential cross sections for the elastic scattering of 81-keV y rays by aluminum, nickel, tantalum, gold, and lead through angles of 60', 90', 120', and 
I. INTRODUCTION Elastic scattering of y rays and hard x rays by bound atomic electrons is usually called Rayleigh scattering.
The form-factor approximation (FFA) has been found to be useful for the description of Rayleigh scattering, especially for small-momentum transfers and photon energies much larger than K-shell electron binding energies.
Significant deviations from the predictions of FFA's are expected in general when the stated conditions are not applicable, and in particular when photon energies are close to electron binding-energy thresholds. Several studies of y-ray scattering performed with semiconductor detectors (e.g. , [1 -13] ) have confirmed the abovementioned expectations. Gamma rays of 88.03, 84.3, and 81.0 keV were used in the first four studies, the remaining studies having been done with 59.54-keV y rays. Since relativistic efFects are more important with increasing atomic number Z, there is an increasing interest in pursuing such investigations in the photon energy range covering E-shell thresholds of stable elements of very high Z, i.e. , from about 80 to 90 keV. The departures from form factors are expressed in terms of energy-dependent, complex "anomalous" scattering factors (ASF's), which have been usually assumed to be independent of angle [14] .
Alternatively in some cases, elaborate calculations based on the relativistic second-order S-matrix treatment have been carried out (e.g. , [15, 16] In a previous work [14] , it was demonstrated that the real anomalous scattering factors f'(co) calculated by Cromer and I.iberman [17, 18] "p, {r)sin(qr)r' g;(q)=4m (4) 0 g'(~) = fci (~) -fci (~) . (7) As shown earlier [14] Relativistic second-order S-matrix calculations were carried out in the cases of relatively strongly bound or "inner" subshells for which the ratio of photon energy to the subshell binding energy was less than 300. This condition is satisfied in the case of tantalum for example by EC, L, M, and N, to N3 subshells. In the case of gold and lead, N4 and N5 subshells also satisfy this condition. The calculations for "outer" electrons were carried out by the simpler procedure described in detail earlier [16] . As The calculated values of cross sections are presented in tabular and graphical forms in Sec. IV. and f'(co) = f CL(co)+fif' (5) III. EXPERIMENTAL DETAILS
where f '( oo ) is the correct high-energy limit of f '. Note that g"(co)=f"(co) and g'(co) is given by Eq. {7), since the modified form factor g (q) accounts correctly for the were found to be independent of the difFerences between these two shielding arrangements.
As described previously [1] , the error in the measured elastic-scattering cross section der, &ld0 is reduced if the elastic-scattering counts due to a target under study are compared with the Compton scattering counts %co p due to an aluminum target. With such a procedure, the source strength and the detector solid angle do not need to be determined, and only ratios of quantities such as detection ef5ciencies and target transmissions for similar energies are needed. Then we have S(x,Z =13), (9) where do~/dQ is the diff'erential cross section for Compton scattering by an electron according to the wellknown laein-Nishina formula, S(x,Z = 13) is the incoherent scatteri. ng function for aluminum, and x is given by Eq. (10): Fig. 1 is about 0.54 keV, and is slightly larger than that of the calibration spectrum on account of unavoidable pulse height shifts during the long scattering run. Note that the width of the Compton spectrum is expected to be much larger than that of the elastic-scattering peak on account of the finite angular acceptance, -k2' in this experiment, and the momentum distribution of electrons in the scatterer [22, 23] . It is seen to be & 1.8 keV in Fig. 2 . Therefore, the Compton peak around 63.07 keV arising from the weak (-8.14%) intensity of 79.6-keV y rays (see Ref. [20] ) cannot be resolved from the photoeffect to Compton ratios for germanium from a recent tabulation [25] . [26] or the DiracFock model [27] , the ratios of the transition probabilities turn out to be nearly the same in the two models. A least-squares-fitting routine employing seven Gaussians with a common but adjustable width and the previously mentioned known ratios was utilized to separate gold data over a range of about 2.2 keV into the seven constituent contributions.
The combined spectrum resulting from the best fit is also shown in Fig. 5 Fig. 5 can be obtained by the following procedure. Let C, '"and Cf, respectively, represent the measured and fitted counts in ith channel. If the error in C, '" is E', then y'= (C, '"Cf )/E'-and y per degree of freedom is defined as the sum of (g') divided by (n -p), where n is the number of data and p is the number of adjustable parameters in the fitting procedure. For the data shown in Fig. 5 , y was 1.18.
Good fits were also obtained at 60, 90', and 120', the corresponding g values being 0.84, 0.66, and 0.83, respectively. Since the 81-keV elastic-scattering peak was not resolved from the gold ICPz x-ray peaks, the errors in the gold cross sections are larger than those in the other cases.
As an independent check of the above-mentioned procedure, an additional experiment was performed with 88.03-keV y rays of a ' Cd source exciting the gold K x rays. In this case, the 80 -81-keV range included only the five components of gold KPz x rays. The good fit of experimental data with the resultant of the five components is shown in Fig. 7 . Note that in this case the fit is also The main focus of the present study is on angular distributions of y-ray elastic-scattering cross sections near E-shell thresholds ez of stable elements of very high Z.
Note that the y-ray energy of 81 keV is about 7 keV below cz of lead. In previous measurements at six angles between 60' and 150' [5] 
